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Professor Brande’s Lectures on the application of
Organic Chemistry to the Industrial Arts, are in course .
of reproduction from his Lecturing Notes, and, with

his sanction, they will shortly appear.



PREFACE.

——

Hap this volume consisted of Professor Faraday’s
Lectures alone, it might have gone into the literary
world without further preface than such as is
conveyed in the intimation of its appearance with
the fullest sanction and consent of the lecturer.
An explanation, however, is rendered necessary,
when, as in the present case, an editor intersperses
additions of his own.

It may suffice on this topic to state that the
- extraneous portions of the volume suggested them-
selves during an interview with Professor Faraday,
in the course of which the process of rendering an
~ oral discourse into a literary shape formed the topic
of conversation. It was conceded that lectures, for
the most part, have reference to others already

delivered; that a lecturer frequently Indheaked
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whenever language, not experiment, might be
the form adopted for expressing a sentiment, or
inculcating a truth.

This plan was adopted accordingly: and to
render it still more perfect, Professor Faraday
kindly and cordially furnished, immediately on
the conclusion of each discourse, his lecturing
notes : moreover, whenever any difficulty occurred,
he no less kindly lent the aid of his supervision.
Originally intended for the pages of a journal,
the rendering of Professor Faraday’s lectures
was necessarily much condensed; when therefore
public appreciation had made a fuller expansion
of them desirable, the lecturing notes of Professor
Faraday proved of redoubled utility ; containing,
as they did, various memoranda of points indi-
cated for discussion, but not touched upon during
the lecture for want of the necessary time. These
dormant notes I have frequently taken the liberty
to expand.

Enough will have been stated to make known
the warrantry under which I have acted in
rendering the lectures themselves; and it equally
applies as accounting for the existence of those
parts of the volume which are my own: (e
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persed to be destroyed ; but that, entering into clouds,
the aqueous vapours remained hovering above until the
operation of some natural cause should effect their
descent to earth once more in hail or snow, dew or
rain. Many a reflective sage in ancient times must
have speculated on the results of combustion; more
subtle, less amenable to scrutiny than those of evapo-
ration though they be; and although neither the priests

*of Isis nor the sages of Greece knew the means of
collecting, as does the chemist of our own times, the
fleeting gaseous elements which are scattered by com-
bustion, yet the spiritual intuition of these philoso-
phers anticipated in a poetic myth the slower evidence
of induction. In the fabled rising of the Pheenix from
her ashes is displayed a credence in the non-destructi-
bility of matter under the operation of existing laws ;
and the many changing aspects of Proteus seem but the
expression of a belief in the occurrence of chemical
transformations.

No sooner were the manifestations of chemical
action displayed by experiment, than the wonderful
mutations of form as evidenced by combination and
decomposition gave rise to hopes that the baser
metals might be transmuted into gold; a credence
which, when we come to investigate the period of its
first origin, carries us back into the furthest recesses of
antiquity.

" Viewed under the aspect of a prevailing chemical
furor, the belief in alchemy may be s %o ‘wdony
®2
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the middle ages; but amongst all its votaries a sort of
universal credence was given to the remote origin of
the doctrine. The Egyptian Hermes* was held to be
the accredited originator of alchemy, and the notion
of the possibility of transmuting base metals into gold
has been thought by some writers to have existed
amongst the Greeks at a period coeval with the Argo-
nautic voyage in quest of the Golden Fleece. Suidas,
in his lexicon published during the 1lth century,
expressly states under the head “Aepac,” that the golden
fleece was only a mythical expression for a parchment
document on which had been written a description of
the process for making gold.

Without minutely discussing the opinions or the
history of alchemical writers, it may suffice to remark
that a belief in the possibility of making gold, and
extending the duration of man’s corporeal life, consti-
tuted the foundation of alchemy. Not that these tenets
were received by all professing alchemy to the same
extent ; in this respect the greatest difference of opinion
obtained. Some votaries merely contented themselves
by expressing their belief in the possibility of trans-
muting the base metals into gold, whilst others pro-
claimed to the world in mystic terms their possession of
the secret.

Rescued- from the obscure jargon of the language
in which these descriptions were veiled, the opinions of

* Hermes Trismegistus.
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the alchemists as relates to the composition of metals,
were far from irrational,—always remembering the kind
and the amount of information at their disposal. All
the metals, they believed to be compounds:—the baser
metals containing the same elements as gold, from which
they differed on account of their association with im-
purities. These impurities being separated, it was
imagined that gold would remain, The agent supposed
to be capable of effecting this purification was the
philosopher’s stone, which, although many alchemists
did not hesitate to state they had made, the greater
number limited themselves to the exprmsmn of a belief
in its existence.

It would be ungrateful in the chemical philosopher
of the present day to contemn utterly the striving of
the alchexmsts Many of these enthusiasts there were
who shadowed forth in their hyperbolic phrases the
sterner facts of ‘ induection ; and even the labours of that
sordid class who had no nobler aim in view than the
amassing of wealth, disclosed a vast store of collateral
facts for the benefit of future chemistry. Nor is it,
perhaps, just to stigmatise by so harsh a term as
insanity that belief in an elixir which should be
capable of extending the life of man, in his corporeal
form, beyond the limits allotted to mortality. Having
started from the basis of considering gold a noble metal,
untarnishable in the air, imperishable in the fire,
unalterable by all common solvents, it does not seem a
flight of imagination beyond the confimes ot vy
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although fanciful, to assume that the human frame
might be so imbued with gold as to be proof
against many of the destructive agencies to which it
is ordinarily subjected. Many a recent medical hypo-
thesis has rested on a basis far less seemingly rational
than this.

The hope expressed by many alchemists of their
being enabled to extend the life of man beyond that of
the patriarchs—nay, even to render him immortal in
his corporeal form—was a wild flight of fancy starting
from a basis of seeming probability; a pushing to ex-
tremes of a theory in itself not so much at variance with
given premises as many have conceived. Doctrines in
themselves rational are often strained by ardent minds
until they assume the semblance of error,—theories often
forced beyond their proper sphere,—until, breaking loose
from restraint, they lead where they ought to follow,
suggesting accordances rather than associating facts.
Such tendencies are common to all doctrines in all
times. It is a quality of the human mind to be ever
striving at perfection, ever aiming at the acquisition of
that which seems to be true. The isolated fragments
of truth which lie scattered in our path, we are ever
endeavouring to bring together or arrange. Too con-
fident in the strength of our own perceptions—too
oblivious of the narrow limits which restrain the excur-
sions of our reasoning, we are ever prone to set in
order, and construct into a fondly-thought temple of
perfection, those scattered fragments of truth. The
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temple stands approved by our own complacent scrutiny,
—we die, and others fill our place. Then comes the
inductive reasoning of a future age, and proves the
cherished edifice of truths so pleasing to our eye, to be
a monstrous distortion.

During the period of a century or more, it was the
custom to spurn the doctrines of the alchemists; not
only in the literal acceptation of these doctrines, but
even as semblances of philosophic truths, The time
has passed for this opinion to be maintained. Within
the last few years a series of manifestations has been
noticed which goes far to vindicate many opinions of
the alchemists. The condition of allotropism, or the
quality which certain bodies possess of assuming two
marked phases of chemical and physical existence,
shatters the opinion on which our absolute repudiation
of the doctrine of transmutation was based. Chemists
now regard the idea of transmutation, not so much in
the sense of being absolutely, essentially false, as
a vision of truth distorted by the aberration of the
medium through which it has been made to pass.
Although a belief in the existence of an universal elixir
and the philosopher’s stone was not extinet even so late
as the beginning of the present century,* yet the deca-

* T allude to Peter Woulfe, who died in the year 1805, of
whom remarks Professor Brande (Manual of Chemistry), *“it is
“to be regretted that no biographical memoir has been pre-
“gerved. Ihave picked up a few anecdotes respecting him from
“ two or three friends who were his acquaintences. Tie ccvoped
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_ to indicate the point of immergence of the first chemical
epoch into the second. Before the time of this wild
enthusiast, it had been the universal custom to refer
unknown agencies to the operation of supernatural
causes, a custom which, however much it may have
been conducive to the free play of poetic imagination,
is but little accordant with the genius of inductive
philosophy. With Paracelsus this universal belief in
occult agencies may be said to have ceased ; and, as the
expiring flame burns sometimes brighter before its
final extinction, so did the belief in occult causes,
before its final extinction, become intensified in the mind
of Paracelsus. He was, perhaps, the most universal
Pantheist the world had seen. Every existing thing,
however seemingly inanimate, was invested by Para-
celsus with an ideal life, and was assumed to perform its
vital functions under the guidance and direction of some
familiar spirit. The popular names of many chemical
substances at this day bear ample testimony to the
general credence which must have prevailed in the
early days of chemical, or more properly speaking,
alchemical philosophy. The words spirit of wine, spirit
of salt, spirit of nitre, and so forth, sufficiently bespeak
a general belief formerly existing in respect of super-
natural or occult agencies,

“ Paracelsus,” remarks an able French author, ¢ may
be regarded from many points of view; but the one which
will interest us most relates to the impulsion, the new
direction which he imparted to chemistry; and slthough
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it would be difficult to collate the views of that singular
individual into an ordinary scheme, yet I cannot help
referring to him as the originator of various theories.

At the commencement of the sixteenth century,
demonology and the cabalistic art pre-occupied the
minds of all. In vain had astrology been proscribed by
a Papal bull and by the faculty of Paris; in vain had
alchemy been interdicted by the Senate of Venice; the
pretended sciences still continued to be taught in the
majority of Schools. Men of true science did not scruple
to become their advocates. Gteorge Agricola, Jean
Bodin, Jerome Carden, Thomas Erastes, were amongst
its most strenuous advocates. Felix Plater, Ambrose
Paré, nay, even the judicious Femel, did not hesitate to
lend it their faith. During the same century, the plague
and other epidemics broke out; to remedy them, the
populace had, first of all, recourse to astrology and
cabalistic practices ; then they tried the manifold phar-
macy of the Arabians, which, failing in its turn, recourse
was at last made to alchemy, which offered a host of new
remedies, some of them not devoid of efficaciousness.

In this condition was the popular mind when Para-
celsus presented himself as the instigator of a radical
reform in medical doctrine; but his audacity, his ‘dis-
dain, his violent attacks against admitted opinions,
although unanswered, did not even suffice. He therefore
invented new doctrines—doctrines which, he said, would
overthrow all that had gone before. He commenced by
emitting a sort of physiological theory, founded upon the
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application of astrology to the functions of the human
body. He regarded magic as the culminating point of
all science, and he believed its study to be a matter of
prime importance to all destined for the medical profes-
sion. Finally, he went the length of affirming that, by
means of the cabalistic art and chemistry, health might
be re-established, life might be extended, and that even
animated beings, Aomunculi, might be produced.

As regards the intro-chemical doctrine, of which he
must be regarded the founder and the chief, it reduces
itself into this proposition ; that the composition of the
body of man being formed by the union of a sidereal
(that is to say, immaterial) salt, a sulphur, and a mercury,
and diseases being caused by the alteration of this com-
pound, they could only be combated by chemical means,
combined with astral influences.

With the view of explaining the action of medica-

i ments, he substituted for the elementary qualities of
« OGalen, a reasoning being—the archasus, which seemed to
discharge the part of nature in the play of our organs;
which combined elements, elected the materials of nutri-
tion, ejected impurities,and re-established the equilibrium
 of physiological functions. The archsus was, in the
dostrine of Paracelsus, the spirit of life, the sidereal por-
5§ tionof man’s body ; hence, we may regard it as pretty
ey identical with the vital principle of the moderns.
Baving adopted the system of Genii, Paracelsus attached
t each natural object its own familiar spirit, to which he
i‘ gwethe name of Olympian spirit. Hence arose Yne vy~

P e
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posed relation between man and various natural objects;
and this belief, so long admitted, it was that attributed
to certain substances qualities having reference to their
natural forms. It will be evident that Paracelsus was the
originator of dogmatic chemistry. From this moment
henceforth, a strong line of demarcation was drawn be-
tween chemists and alchemists, Thelatter continued their
vain researches, whilst the former pursued the applics-
tion of positive facts to medicine and the industrial arts.
Notwithstanding all that was vague, and singular
in his ideas, it cannot be denied that Paracelsus ad-
vanced science by his own researches, and by the dis-
covery of many facts. It was he who first offereds
true chemical and medical view of the preparations ef
antimony, mercury, and iron. He was the first to pro-
mulgate the doctrine that certain poisons, when taken in
fitting doses, act as safe and efficient medicines. He was
the first to recommend the employment of preparations
of lead in diseases of the skin. In like manner he em-
ployed copper, nay, even arsenic, as external applications
for effecting cauterization. He employed sulphuric acid
in diseases resulting from poisoning by lead, a mode of '
treatment which has remained in vogue up to the present
day. He was the first to distinguish alum from copperas,
remarking that the former contained an earth, the latter
a metal. He was the first who mentioned zinc, regarding
this metal, it is true, as a modification of mercury and
bismuth. He admitted the existence of other elastic
fluids besides atmospheric air. specially alluding to

CE- s ZEEC N
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xydrochloric acid gas, and sulphurous acid gas, both of
which, however, he regarded as forms of water and of
Jre. According to him, the spark of flint and steel was
she product of fire contained in the air. He was the
3rst to point out, that when oil of vitriol was made to
et upon a metal, air was disengaged, which air was one
of the elements of water. He was aware that the pre-
senceof air was indispensable to the respiration of animals,
and the combustion of wood. He stated that calcina-
sion killed those metals subjected to it, and that char-
soal reduced or revived them. ¢ There exists a certain
thing,” said he, “which we do not perceive, and, in the
midst of which is plunged the whole universe of living
beings. This thing comes from the stars, and we may
»btain a notion of it in the following manner :—Fire, in
order that it may burn, requires wood, but it also requires
air. The air, then, is the life, for, if air be wanting, all
living beings would be suffocated, and die.” In another
part of his writings, Paracelsus states that digestionisa
solution of aliments, and that putrefactionis a transform-
ation: that, moreover, gverything dies previous to resus-
citation in some other shape. These great chemical and
physiological views—this generalization of the phenomena
of combustion and respiration—prove that, despite his
drunken hallucinations, Paracelsus held within him a
spirit of deep penetration.
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theory. The illustrious Boyle, who does not seem
to have been aware of the doctrine of Beccher and
Stahl, although it was promulgated before his death,
performed a very remarkable experiment, which, had he
subjected to mature reflection, might have led to the dis-
covery of oxygen gas, and to an overthrow of the
phlogistic theory. Having fused some tin in an open
glass vessel, and retained it for some time at the melting
temperature, he allowed it to cool, and weighed the re-
sult, which was now found to be heavier than the origi-
nal tin. This experiment is merely cited by Boyle with
the view of proving the materiality of heat, and,as
interpreted by him, is, in so far, inconsistent with the |
phlogistic theory, that, according to Boyle, the calx or
oxide of tin was not tin minus something, ¢. e., the ima-
ginary phlogiston, but plus something,—i. e., heat, or
the matter of heat. *

* TIn reference to this experiment of Boyle, Professor John-
stone has made the following pertinent remark :—¢ How much
the progress of science depends on the mode in which pheno-
mena are interpreted by the first observers, is strikingly illus-
trated in the case of certain experiments of Robert Boyle.
He observed that, when copper, lead, iron, and tin, were heated.
to redness in the air, a portion of calx was formed, and there
was a constant and decided increase of weight (Ezperiments
to make fire and flame ponderable. London, 1673). This
experiment he repeated with lead and tin in glass vessels, her-
metically sealed, and found still an increase of weight; but
observed further, that when the ¢sealed neck of the retort was
broken off, the external air rushed in with @ moise’ (Additional
experiments, No. V., and a d “* 9k¢ perviousness of glass
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Very soon after the time of Stahl, the gain of weight
acquired by substances after combustion had become a
Pphenomenon so generally known, that such as advocated
the phlogistic theory were obliged to devise some other
explanation for the phenomenon. Accordingly, the
hypothesis was assumed, that phlogiston, in itself, pos-

sessed the quality of levity; hence, that its presence
must confer the property of lightness; indeed, the
phlogistic theory was held with extraordinary pertinacity,
until the discovery of oxygen by Priestley rendered its
further acceptation untenable.
In the year 1774, Dr. Priestley, being at Paris,
' demonstrated to Lavoisier that oxygen gas could be
extracted from red oxide of mercury, a demonstration
which caused Lavoisier to become a powerful advocate

to ponderable parts of flame,—Exp. iii.). From this he reasoned
correctly, that in calcination, the metal lost nothing by drying
up, as was generally supposed, or that if it did, ¢by this opera-
tion it gained more weight than it lost’—Coroll. ii. But this
increase of weight he attributed to the fixation of heat, stating
it as ‘plain that igneous particles were trajected through the
glass,’ and that ‘enough of them to be manifestly ponderable did
permanently adhere.” Had he weighed the sealed retort hefore
he broke it open, he must have concluded that the metal had
increased in weight at the expense of the enclosed air. He
stood, in fact, at the very brink of the pneumatic chemistry
of Priestley ; he had in his hand the key to the great discovery
of Lavoisier. How nearly were those philosophers anticipated
by a whole century, and the long interregnum of phlogiston pre-
vented! On what small oversights do great events in the history
of science, as of nations, depend!”—dJohnstone, Trans. Brit.
Ass. vol. 7, p. 163.

c 2
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of the anti-phlogistic doctrine. In 1785, Barthollel
also adopted the new view. Fourcroy and Guyton de
Morvesu then joined the ranks, and, from this time
forward, the anti-phlogistic theory continued to advanct
in public estimation. Its universal adoption may b
said to close: the second great epoch of chemica
progress.
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The proportionality of chemical compositin 9
decomposition attracted but little notice from the s
of Richter until between the years 1803° and 1808}
when Dalton, speculating on the rational consequent
of the facts made known by chemical decompos-
tion, first promulgated a theory of atoms, based up®
arguments no less rational and intelligible than the theory
of Epicurus was irrational and obscure:—a theory which
carries with it so many elements of conviction, that 3
celebrated modern chemist has concluded his arguments
for and against the existence of atoms by the remark, “that
whether matter be atomic or not, thus much is certain, that
gramting it to be atomic, it would appear as it now doss.”

The arguments adduced by Dalton in favour of the
existence of atoms, were such as these:—seeing that all
marked cases of chemical combination can be demon-
strated always to take place in definite proportion, and
that by inference, a similar proportionality may be sup-
posed to extend to less marked cases—seeing that these
definite proportions of bodies entering into combination
are mutually proportional amongst themselves, it follows
that such definite immutability, such mutual proportion-
ality, should most rationally be considered as indicating
a ponderable ratio between combining elements; and
that the ratio never changing would seem to be indicative
of elementary ponderable molecules of determinate

® Manchester Phil. Trans. for 1803.
t Dalton’s New System of Chemical Philosophy.
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'e]‘*hve weight, unchanging, indivisible ; qualities which
Wil be recognised as fulfilling the definition”of an atom.
With the view of practically illustrating the train of
Teasning by which Dalton arrived at the conclusion
that matter should be atomic, it will be well to fix on the
Sxemplification afforded by some particular combining
Series, For this purpose none is more convenient than
the one furnished by the oxygen compounds with
Ritrogen, of which there are five, as displayed by the
accompanying table.*

WBIGHT. RATIO.

N. O. N. O.
Protoxide of nitrogen . . 14 8 1 1
Binoxide of nitrogen . . 14 16 1 2
Hyponitrous acid . . . . 14 24 1 3
Nitrousacid . . . . . 14 32 1 4
Nitricaeid . . . . . . 14 40 1 5

A glance at this table will show the justice of the
remark of M. Dumas,—that, granting matter to be

* It would nevertheless be unjust to the late Mr. Higgins,
of Dublin, were the circumstance not mentioned that he had
entered upon certain trains of reasoning which, if persevered in,
must have conducted him to the discovery of Dalton. Mr.
Higgins, in his comparative views of the phlogistic and anti-
phlogistic theories, published in 1789, states, p. 36 and 37, that
in volatile vitriolic acid, & single ultimate particle of sulphur is
intimately united only to a single particle of dephlogisticated air;
and thas, in perfect vitriolic acid, every single particle of sulphur
is united to two of dephlogisticated air, being the quantity to
saturation. A similar train of reasoning is applied by Mr.
Higgins to the constitution of water, and the compounds of
nitrogen and oxygen.
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atomic, it must necessarily combine as it is found to do.
If, for instance, the ultimate molecule of nitrogen should
weigh 14, that of oxygen weighing 8, then it should
necessarily follow that, in a series of oxygen combins
tions with nitrogen, in which the amount of nitroges
remains fixed, the ratio of progressive increment o
oxygen should be a ratio having for its arithmetial
basis the number eight, of which every subsequent term
should be a multiple by a whole number.

When we come to examine the volume as well #
the weight of bodies entering into chemical combination,
a definite order of progression will again be recog-
nisable. Taking for instance the same five compomds
of nitrogen and oxygen, and expressing by a diagr®
the rates of their combining volumes, the followis§

result will be manifested :—
N. 0.

| ]
Protoxide of nitrogen .

Blnoxido of nitrogen .

Hyponitrous acid . . J

Nitrousacid . . . .

Nitrle acid . . . . | | ]
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From theinspection of this diagram it will be evident
; a ratio of measure as well as a ratio of weight
sts between the combinations of oxygen and nitrogen ;
. the same remark applies to every combining series,
elements of which can be obtained in the gaseous
m, and their volumes estimated.

It is evident that no indication afforded by the
:nomena of definite chemical combination, can ever
‘e us more than the ratio subsisting between the
ight, and occasionally between the measure of bodies
tering into chemical union. Granting, for the sake
argument, the postulate of the existence of atoms,
’y must be so exceedingly small that no one can hope
see them, or to have any other direct manifestation of
3ir presence ; hence the ratio only of their combining
ight, and combining volumes, is all that phenomena
composition and decomposition will enable us to
*ognise, But the ratio subsisting between thé dimen-
'3 of atoms involves some curious points of specu-
ion, Referring to the preceding table, in which
eratio of combining volumes between compounds of
Ygen and nitrogen is indicated, it will be observed
3t the assumed atomic size of oxygen is set down
hif that of nitrogen; accordingly, starting with
¢ assumption of the atomic size of oxygen being
{f that of mitrogen, the first member in the series of
'Wpounds of oxygen and nitrogen is considered to
'3 combination of atom to atom; but it would not be
nsistent with rational hypothesis, so far as facks ot

»
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of the metal being formed, and the acid of the salis
evolved. It decomposes the solution of the tribasec
acetate of lead ; the peroxide of that metal and the
ordinary acetate being formed. It rapidly converts the
protosalts of iron and tin into persalts. It destroys
many hydrogenated gaseous compounds: the combins-
tions of hydrogen with sulphur, selenium, phosphorus,
iodine, arsenic, and antimony are thus affected. It sp-
pears to unite chemically with olefiant gas in the manner
of chlorine. It instantly transforms the sulphurous snd
nitrous acids into the sulphuric and nitric acids, and the
sulphites and nitrites into sulphates and nitrates. I
changes many metallic sulphurets (as those of lead and !
copper) into sulphates. It decomposes many iodidesit !
their solid and dissolved state. By its continued action
iodide of potassium becomes converted into iodate of
potassa. It changes both the crystallised and dissolved
yellow prussiate of potassa into the red salt, potssh
being cvolved. It produces oxidising effects upon most
organic compounds, causing a variety of chemical
changes ; thus, guaiacum is turned blue by it. From
the above enumeration it would appear that ozone is$
most ready and powerful oxidiser, and in a great number
of cases acts like Thenard’s peroxide of hydrogen, or
chlorine,-or bromine,

When an oronised atmosphere is made as dry as
possible, and then sent through a red-hot tube, the ozone
disappears, being converted apparently into ordinary
oxygen, and no water or any other result is produced.
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addition to the methods indicated, there are yet other
ans of obtaining ozome. Thus, for instance, if into
ar filled with ether vapour, a heated wire or glass rod
immersed, ozone is produced, and will be immediately
idenced by the test. Moreover, when solutions of
riaric acid, certain oils, turpentine, &c., are exposed
+air and light for a considerable time, they manifest a
werful bleaching effect, attributed by M. Schonbein
) the generation of ozone.

The experiments of the philosopher in reference to
L of turpentine, are especially interesting. He found
1at when totally deprived of oxygen, which he aceom-
lished by digestion with protosulphate of iron, it no
‘oger possessed any bleaching effect, and its smell was
ltered, presenting great analogy in this respect to oil
t peppermint ; gradually, after exposure to heat and
ght, under occasional agitation, oxygen became
%orbed, and the bleaching effect was renewed. Cer-
in experiments of M. Osann,* will, if confirmed, still
Ther disturb our pre-existing ideas of chemical combi-
ition, and increase our interest for ozone. He believes
at in certain cases when this allotropic condition of
losphorus by combination assumes a solid form, it does
t combine in the ratio of 8, on the hydrogen scale of
ity—the ratio of oxygen, but in the ratio of only 6.
1e property of this conclusion, however, has been
nied by M. Schénbein, on grounds which appear

* Osann Ueber Ozen-Sauerstoff, Erdmann’s Journ., Band 53
ft L., Seite 51.
b )
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synonymous with positive pols, and cathode with negatit
pole.

The introduction of these terms suggests the pro
priety of others, as will be recognised. Thus, to s)
that oxygen is electro-negative, or that hydrogen i
electro-positive, is so far inconsistent with the correct
ness of philosophic diction that it reposes on two assump
tions; firstly, that there exist, mutually attractive and
repulsive terminals (poles); secondly that the libers-
tion of hydrogen at one of these terminals and oxyge?
at the other is the result of attraction.

That they are thus attracted is a position which bt
never been demonstrated ; that they go there is merely
the expression of a fact. Hence Mr. Faraday ter™*
them, and all bodies which act similarly in regard ¢
voltaic electricity, ions, from ieu, I go. Hence sri¥
the compound words, an-ions and cat-ions, or, 0
euphony, cath-ions. A cathion is that which goes ¥
the cathode (or megativepole); an anion that whic
goes to the anode (or positive pole). Hence, oxyg®
is an anion, hydrogen a cathion. The whole oper?
tion of a voltaic decomposition similar to that ¢
water, is termed electrolysis, from e\exrpoy and Ave,
loosen.*

* For details of the chemical powers of the voltaic pil
the reader may consult—

1. A paper by Messrs. Nicholson and Carlisle in the Ph
Mag. for 1800, and Nicholson’s Journal, 4to., iv. 183.

2., Hisinger and Berzeliur ~ T~urnal, i. 115).
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Process V.—By distilling the salt chlorate of potash
retort of hard glass.
Theory of the Process.—Chlorate of potash is com-
ed of chloric acid and potash. Chloric acid con-
ns 5 equivalents of oxygen to 1 of chlorine, potash
wuivalent of oxygen to 1 of potassium. Therefore,
ery equivalent of chlorate of potash contains 6
uivalents of oxygen, all of which are given off by the
iplication of heat, chloride of potassium remaining in
e retort,

The rationale of the process is thus exemplified by
diagram : —

5 Oxygen
1 Chloricacid} =40. .., 60xygen==43s,
1 Chlorine
cﬂmd =36. .—

Tuh=124 10xygen '
11 Potash { =8. .-

=76 . . )

=48 . 1 Potassium 1 Chloride of

=40 . .— Pxasgium=74.

Process VI.—By beating in a glass retort a mix-

" of equal parts chlorate of potash and bLlack

ide of copper, or binoxide Mack oxide. peroxide of
“iganese.

Theory of the Process.—Similar v the absve, o1ly

* heat necessary t efiet dewmpmition of he

3. Davy on somme chemical agezeiss f cracieizy. Pril
o, 15807,

4. Faraday’s exper:mescal rsearviss o sersiny. Yoo
8,182, ot oy
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TABLE OF THE FUSIBILITY OF METALS. *

Zinc . . . .
Antimony, little
redness.

\ Cadmium

r Silver .

Copper

Gold . . . .

Iron cast.
Iron malleable }

Palladium.
Molybdenum .\
Uranium
Tungsten
Chromium
Titanium .
Cerium . . .p
Osmium .
Iridium .
Rhodium
Platinum

| Columbium ./

Fahrenheit.
'!lercnp .. . —39° Different Chemisis.
Potfmum e e e e e 136"} Gay, Lussse, sl
Sodium . . . . . . 190° Thenard.
Tin. . . . . 442°
Bismuth . . . . 497 } Crichton.
Lead . . . . . 612°

Tellurium, rather less
fusible thanlead . . . . Klaproth.
Arsenic, undetermined.

« « « T73° Daniell.
below

. 442° Stromeyer.
. 1878°

. ) l998°} Daniell.

. . . 2016°

less fusible than iron.

require the highest heat of a
smith’s forge.

the same as cobalt.

Almost infusible, and not to be
procured in buttons by the heat of
a smith’s forge, but fusible before
the oxy-hydrogen blowpipe.

* Turne~
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TABLE OF THE DUCTILE METALS ARRANGED IN THE ORDER
OF THEIR DUCTILITY.

Gold. Iron. Tin. Palladium.
Silver. Copper. Lead. Cadmium.

Platinum. Zinc. Nickel.

TABLE OF THE ACTION OF SULPHURETTED HYDROGEN (HYDRO-
SULPHURIC ACID) AND HYDROSULPHUBET OF AMMONIA ON
THE CALCIGENOUS * METALS. (BRANDE.)

Sulphuretted Hydrosulphuret
‘l(ehl. Solution. hy‘c)lron;:n. gf amlxlngn:?
Manganese| Neutral proto- Copious ochre
chloride . °|No precipitate .| yellow.
Iron . . |Neutral proto- | Blackish, & small| Black and
sulphate . .| in quantity. abundant.
Ditto . . | Perchloride . .|Abundant black . | Black.
Zinc . . |Chloride . . .|Alittleopalescent | Straw-colour
then milky . , | and copious.
Tin. . . | Acid protochlo-
ride. . . .[Brown . . . |Deep orange.

* Metals admit of division into three primary classes, viz.,
kaligenous, terrigenous, and calcigenous—the distinction between
which is founded upon the different qualities of metallic oxide.
Metals, which by combination with oxygen form alkalies, are
termed kaligenous, and are potassium, sodium, and lithinm,
Those which by combination with the same form earths, are
termed terrigenous, and are calcium, forming lime ; barium, and
strontium, forming respectively baryta and strontia. Magnesium,
alumininm, yttrium, thorium, glucinium, cerium, lanthanium,
didymium, zirconium; all the remaining metals, form neither
alkalis nor earths by union with oxygen, but generate substances
which early chemical anthors termed calces. Hence the term

calcigenous. Calcigenous metals are alone affected by hydrosul-
phuric acid and hydrosulphate of ammonia.
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At a temperature of 60° F. water absorbs w0
volumes of chlorine. The solution has a specife
gravity of 1-008, is of a pale yellow colour, has s
astringent nauseous taste, and, if aqueous moisture
be present, a bleaching agency. Chlorine is not &
combustible, but a supporter of combustion ; the results
of such combustion presenting a general analogy to the
results of combination with oxygen : viz., some are sid,
as hydrochlorie, hydrobromic, hydriodic acids,—whilst
others are not acid, and are simply termed chlorides;
as chloride of magnesium, of sodium, of calcium, &
The presence of free chlorine may be recognised by
its colour, odour, and bleaching quality; by its caps-
bility of dissolving leaf gold; and by its action 0B
soluble salts of silver, with which it occasions a white
curdy precipitate, insoluble in nitric acid, but soluble
in ammonia.

BROMINE—ETYMOLOGY, HISTORY, NATURAL HISTORY, PRE~
PARATION AND PROPERTIES.

ETYMoLOGY.—Bromine, from Bpwpos, graveolentis,
on account of its peculiar smell.

HisTorY.—Bromine was discovered by M. Balard,
of Montpelier, and first described in the Annales de
Chim. et Physique, for August 1826. It was originally
obtained from the uncrystallisable residue of sea watel
after evaporation, but the chief sources of it at thi
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time, are the saline springs of Theodorshall, near
Kreutznach, Germany,

NaruraL HisToRY. — Bromine is extensively,
though sparingly, diffused throughout the whole ocean
and certain mineral springs; always in the state of
combination. .

PREPARATION. — The method of preparation, or
extracting bromine from its combinations, whether in
the ocean or in mineral springs, is as follows :—Having
evaporated the bromine-containing liquid, and having
thus effected the separation of readily crystallisable
bodies, chlorine is transmitted through the bittern, or
fluid which remains. Chlorine having the power to effect
the decomposition of bromides, bromine is set free, and
Temains dispersed through the fluid. Ether is now
8dded, in which fluid bromine is soluble, hence an
ethereal solution of bromine floats on the surface. All
that now remains consists in effecting the separation
of bromine and ether.  Distillation cannot be had
recourse to, since both chlorine and bromine are exceed-
ingly volatile; therefore a somewhat complex mode of
Procedure is rendered necessary. The ethereal solution
being saturated with potash, two bromine salts are
formed ; namely, bromide of potassium, and bromate of
potash, These two salts being collected and exposed
to a red heat, bromide of potassium alone remains.
This salt being mixed with binoxide of manganese and
sulphuric acid, yields bromine by distillation.



) &0 LECTCRE IL

the too recedicy simple bodies. The smell, t

s a2 anangy. aid s0 do the chemical relation:
thwe t2ree.  Nuris this all : just as there is a progres
relatioz a8 t> cobesion, so when we come to exam
tiz vombinizr powers of the three, as indicated
thelr regpuvtive eyiivalents or atomic weights, the 22
wuzual reiation will be rendered evident. This circu
stanve has teen made the basis of some beautiful spe
lazius by M. Dumas—speculations which have scare
yet assumed the cvnsistence of a theory, and which:
ozly at the present time to be ranged amongst !
peetic day-dreams of a philosopher :—to be regar
as some of the poetic illuminations of the men
horizon, which possibly may be the harbinger of a1
law,

Reganldizg chlorine, bromine, and iodine as ¢
triad, it will be seen, as we have observed, that betw
the tirst and the last there is recognisable a well-marl
progression of qualities. Thus : chlorine is a gas un
ondinary temperatures and pressures; bromine a fh
iodine a solid: in this manner displaying a prog
sion in the difference of cohesive force. Aga
chlorine is yellow, bromine red, iodine black, or
vapour a reddish violet. Here we have a chrom
progression :—and, strange to say, if we refer to
atomic or equivalent weights of the three, a num
progression will be  observable.  Thus, the ato:
weight of chlorine is 35, of bromine 80, and of iod



LECTCRE II. 159

.25*; and now, if the atomic weights of chlorine
mnd iodine be added together and divided by two,
the result will be the atomic number for bromine.

TABLE SHOWING THE NUMERICAL RELATION BETWEEN
THE ATOMIC WEIGHTS OF CERTAIN TRIADS.

Sodinm 24
7 Lithium

20 Calcium
8 g

40 Potassium
a {

Strontium 44
69 Barium

16 Sulphur
80{ Selenium 40
64 Tellurium
COMPARISON BETWEEN THE PROPERTIES OF CHLORINE,
BROMINE, AND IODINE.

Chlorine . . Gaseous. . Yellow. . 36
Bromine . . Fluid. . . Red . . . 78§ 162
JIodine . . Solid. . . Paurple . . 126

Thus, we have here one of the many scientific
developments of late origin, which tend to lead us back
into speculations analogous with those of the alchemists.
Already have we seen that it is possible for one body
t0 assume, without combination, two distinct phases of
Danifestation ; therefore such of the so-called elements
3 are subject to allotropism, are not the unchanging
entities they were once assumed to be; and now we

* The atomic weights of these and many other chemical
Substances slightly vary according to different experimenters.
e numbers here given are adopted by M. Dumes.
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be thus expressed :—when three bodies having qualities precisely
similar, though not identical, are arranged in succession of their
chemical powers, there will be also a successive arrangement of
mathematical powers, indicated by the respective atomic nambers
of the substauces; and amenable to every mathematical law.

“ That this symmetry of chemical with mathematical function
points to the possibility of transmutation is unquestionable—
yet not transmutation in the sense of the old alchemical
philosophy. Chemists see no manifestations of a tendency of
being able to convert lead into silver, or silver into gold
These metals are not chemically conformable. One cannot tske
place of another by substitation. They do not form an isomeric
group. The probability is that our first successful transmutation
as regards the metals will effect the change of physical state
merely without touching chemical composition; thus, alresdy
we have carbon, which, as the diamond and as charcosl,
manifests two widely different states. Sulphur also assumes
two forms, as also does phosphorus. Then, why not a metal?
This sort of effect M. Dumas suggests will be amongst our first
triumphs in the way of transmutation.

“In conclusion, M. Dumas cited in support of his theory the
fact that bodies of conformable qualities were generally found it
union or proximity, whether as presented by nature or formed
by the agency of man.

“Thus, with iron there is associated manganese. Where
nickel exists cobalt is not far off ;—and in the organic kingdom,
when man elaborates alcohol, there are simultaneously formed
small amounts of ethereal bodies. Wherever viewed, chemistry
is full of the startling coincidences now introduced to our
notice for the first time by M. Dumas; and, whatever may be
the difference of opinion as to the speculative notions of the

philosopher, there can be no doubt that he has opened a wide
store of chemical treasure.”]
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——

YDROGEN—ITS SYNONYMES AND ETYMOLOGY, HISTORY,
NATURAL HISTORY, PREPARATION, AND QUALITIES.

SyNoNnYMES. —Hydrogen, ¢dwp, Water, yevvew, to
enerate. (Lavoisier.)

Inflammable air. (Previous chemists.)

Phlogiston.

History.—Hydrogen was first examined in a pure
tate by Mr. Cavendish in 1766,* before which time it
ad been confounded with several of its compounds,
wnder the name of inflammable air.

NarvraL History.—Hydrogen exists largely dif-
used in both the inorganic and organic kingdoms. In
he inorganic kingdom it is a constituent of various acids
n combination—as the hydrochloric, hydrobromic,
aydriodic, acids. It is also a constituent of liquids—as
water and naphtha; of certain solids—as sal-ammoniac
and sulphate of ammonia.

In the organic kingdom hydrogen is found largely

* Phil, Trans. vol. Ivi. 144.
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~ntering into the composition of animals and vegetables
chietly in the form of water and ammonia.

PREPARATION.—Proosss L—By the electrolyss o
water, vach resulting gas being separately collected
This process liberates hydrogen in the condition of
absolute purity.

Procsss [I.—By adding a mixture of one part ol
ot vitriol by measure, and about four or six by measure
of water, to comminuted zine or iron.

Uhwory of the Process.—Neither zinc nor iron art
capable of uniting direetly with sulphuric acid : oxide
of zine and of iron, however, combine readily. Thus, 3
Jdecomposition of water is determined. Oxygen of
water uniting with zine or iron, forms an oxide of thes

wetals respectively, hydrogen being developed. In 2

dingrammatic representation the decomposition may b
thus expressed :—

1 Wace v 1 Hydrogen==1

o Ais evolved
*= U 0sygen =8) | Oxide of Zine —13—
Ldine . . . . . . =3)
U Sulphuric Aeid . . =40 }ISnlphneOfOxideofﬁnc
= 82

Process ITI.— By transmitting aqueous vapour
through a gun-barrel or other tube of iron heated tc
redness,

Theory of the Process.—The water being decom
posed, its oxygen unites with the iron of the tube,—anc
hydrogen is evolved.

o
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$.—By neither process—II. nor IT.—can hydro-
s be obtained in a complete state of purity, in either
eing contaminated with a carbonaceous result.
ps, also, when zinc is used with a little of that
in solution. The latter may, however, be se-
ed by transmission through solution of potash.
Process IV.—By passing up into a tube inverted,
filled with water, a piece of potassium or sodium.
Theory of the Process.—The potassium or sodium
ting with oxygen to form potash or soda, hydrogen
iberated.

ProPERTIES.—Permanently uncondensable and aéri-
rm—neither taste nor smell when pure. Slightly
oluble in water (108 cubic inches of water dissolve at
10° F. about 1-5 inches of the gas). May be respired
mee or twice with impunity, but if continued is fatal.
s a combustible, but does not support combustion. Is
reither acid nor alkaline,—and the sole result of its
ombination with oxygen is water. The lightest pon-
lerable body in 'nature, being sixteen times lighter
han oxygen, and lighter than atmospheric air, in the
atio of 1 to 00696, which latter number is, therefore,
aid to be the specific gravity of hydrogen. At the
emperature of 32°, 100 cubic inches of hydrogen
veigh 2:22756 grains. Hydrogen is usually regarded
s the unit of atomic weight, and the size of its com-
sining volume is double that of oxygen.
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HYDROGEN.

RATERIALE AND ATTARATTS REQUIRKD FOR ILLUSTRATING
THE LEYTRE.
Granuisted z:ne
Sulnhuric acd.
Water,
Taner adapted to ropper wire.

M:ature of two volumes hydrogem and ome oxygen in 8 jar standing
on the pneumate trough.

Rag and jot for hlowing soap-bubbles with mixed

Cavendmhi's cudiometer, electrical machine and Levden jar.

Candie and oil lamp for demonstrating that water results fron
their combustion.

\ altuic batiery and tubes for collecting oxygenm and hydrogen from
watar -lmnmpmm\.

Platinum wire to be igmitad by the voltaie battery.

Apparatns for passing steam over red-hot irom and developin
1 drapen

Invertad tuhe fillad with water, for the purpose of genersting
tvdragen Iy contact with sodinm.
Spang\ platinum,
tiydrapan and chlorine in tubes to be exposed to sun-light.
Yunune and hydragen and hat wire. .
Chlatine and  hydropen ready to be exploded in  Cavendish®

PTaaint

$vanahiamate of ammonia for the evolution of hydrochloric acid
X aakinagi waid aulphurie acd. .
Tmakiare and devolopad from salt—its properties to be inves-

X Y

0w and Ity an atmosphere of a little chlorine to show
S laae

oo it furtunate, in  opening this lecture
W Mandngen,™ that the arrangement of elemen-
) Wadiw as announced in the prospectus, enables
We oo orabe up hydrgen at the most  convenient
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1 for bringing prominently before your notice,
by comparison with the elements already con-
ed, some of its most remarkable points. You
aware that it is not my object in delivering this
tse of lectures to present you with the complete
ory of the relations of the non-metallic elements,
. merely to illustrate certain leading points in
mection with them.

I therefore shall say nothing concerning the history

hydrogen, but shall at once bring before your
tice the methods of preparing this element.

Without going into details of manipulation and
dparatus, let me at once proceed, in a simple way,
) show how hydrogen may be produced.

It is ordinarily evolved by adding either zine or iron
0 a mixture of oil of vitriol and water.

To illustrate this process I take the metal zinc,
ecause not only is it nearest at hand, but because
he result of its action, when brought into contact
fith the acid mixture, is that to which my table
efers:—

1
Hydrogen

9

Tater 34

8
l Oxygen + Zinc

4Y2 40
Oxide of Zinc + Sulphuric acid

—

g

82
Sulphate of Zine.
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el agmiXer DATE e POWer of whole th
storme. suow Wali miiefinitely mmii some cause
Uzl e anplied. anc tuet furious’y rosk into combin
Ti0! anu 10THL tie biand. uniTriacing liguid. water, s ®
D, ] eODless. & PhenOmMenor whicl continually awakes
pew Ieilnes of wonder as ofier as I view it

And now jet us ponder 107 ar instan: on the lesding

utalities—dtie pointi—a waier. Le: us consider bov |

wident it b distribured throughout nature—how numer
ot its tunetions—how tremendous its operations—snd
ver how miid. how biand. how seemingly powerless thi
wondertu liquid is. Let us view it in relation to th
structure of living heines. and refiect how intimately
seem conuected with vitaliry. Not only does it bathe
the mest delicate tissues and organs with impunity, bet
it enters lurgely into the composition of all organisel

forms. N structure of corporeal vitality is without its
alL essential clement. Water constitutes at least nine
tenthis by weight of our own bodies. entering even int
the very bones; vet this is bur a trifling fraction of the
amount of water entering into the structure of certaid
lower animals. Look at those delicate sea beings, the
medusie, and reflect on the vast amount of water which
their structures contain!  Pellucid almost as the ocean
i which they dwell, these creatures float about in the
tull vigour of life; yet one may safely say that the
wwduswe cansist of no less than nine hundred and ninety-
swine pattswater ! Water in this great amount pervades
ot whale economy.  Without much violence t0

PR N
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age, we might call them living forms of water !
iew these same meduse taken from the ocean and
sred on the beach, exposed to the influence of the sun
air—their aqueous portions gone—what are the
1s2 then! Shadows almost—a substance barely—
nerest shred of filament and membrane !
Che contemplation of this circumstance is the more
1ge when we consider that water, whilst in the
nic structure of living beings, is continually under-
ig changes, not so powerful in their manifestation,
ough analogous in their result to the explosion which
have seen—continually yielding up its elements to
duce other forms of combination.

Water, you are aware, was considered to be an ele-
1t by the ancients—an opinion which has been thought
be unreasonable and ridiculous by some; but for me,
onfess my inability to see how the ancients, with the
ount of evidence at their disposal, could have arrived
any other conclusion. Viewed in its relation to the
iverse—to its great natural manifestations—to the
'ge range of substances into which it enters—to the
mifold purposes it subserves; and, more than all,
:wed in relation to its intimate connection with living
ms—water does seem to present to our minds the lead-
¢ qualities of an element; and it is only by the
lof chemical analysis that we prove the idea to be
torrect. '

When oxygen and hydrogen unite, the result—the
le result—is water, as I have remarked, but not de-

M
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TapwEN. et s Slenire. cow proceed to demon
ATt T W,

- Tus socs  giass vessel, with
!u ' unper acaweaed. throagh which are

Dl T Juss w0 wires of platinum,
> W mceval shac the air whichit
~uGMOs MY ¢ remosed by means
‘f e urjume. 3od a vacuum, or 8
WX Ml aperiach to a vacmum,
vraet Serewitz this vessel, now,
ufer 0 ur Jas eec exhausted, upon
> ar of 'mxed oxvoen and bydro-
S 1 Sie =S of coe to two, and
LULINE e Kopeuck. the water rises
N e we. e yoa obeerve—a rise
vt » amimcve of the filling of
st wie) nixed gas. This
W e i L WW DU AR AECTTIC SEUrR TO traverse
U aseus Xy et Sle Twe placinem ends, and
Doovcaw st wavines deevaded witd Gohe: the two
LAY a1 osalunhal. G XS g:-'.ua vessel, dr_\' at first,

< NuUwsn el s, 3ad Sie neisure is water. |
WY e CUe SUIRWUCR, ML cOserve, mote gas rushes
W AR oW, st echer ewverie spark. we obtain
My e fast A GAeE SRR G—aacther conraction
Vosirunes U ve s 2aisd ecarge—a third combi-
et ey bW, dus 3¢ ecadauance of this
IR weuni e Jangerces sod uncertain @ dan-

QUTUuN Rvause e reswit of cvmbustion heats the
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&lass and increases its tendency to rupture; uncertain,

because the amount of aqueous vapour formed would

interfore with the action of tho electric spark. This
€xperiment, so conclusive as to the composition of water,
we owe to Cavendish, and this thick glass apparatus
boars his name.

Although this form of experiment is the most per-
fectly demonstrative of the composition of water, yet
there are innumerable phenomena of a more simple kind
which bear evidence to the same fact. Thus, for instance,
#Iburn a jet of hydrogen under an inverted jar the
tides of the jar are speedily bedewed with a liquid, which
is water; and, by continuing the experiment, water in
considerable quantities may, without difficulty, be col-
koted. Nor is a jet of hydrogen indispensable to this
temlt; any combustible body, having hydrogen as one

of its component parts, producing a similar effect. Thus,
for instance, I may produce water from the combustion
of a candle, just as I produced water from the combus-
“tion of hydrogen, by substituting a candle in its place;
ad in this way it is most interesting to see the great
quantities of water thus being formed as a result of the

' Phenomenon of combustion.*

® This copious production of water by the combustion of
hydrogen constitutes one of the great objections to gas-stoves
without flues. These stoves neither smoke nor generate ill odours
it is true, but the water which they generate is sufficiently con-
siderable to prove injurious to articles of furniture, and to the
human constitution in certain states of health.

¥ 2
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water. aal sulphuric acid, although it liberates the &
3v-iregea from the water. yvet the source of this libers §-
toa i oot directly manifest. I will now effect a simile k-
rewis »v emploving another force—the force of voltsis §
sexvsrwity.  These two charcoal points, which terminate
en 1 swspwegiveiy a cupper wire, are in connection, by
wewss of tlese wires. with the ends or terminals of
fower o7 a wale battery : and, if any one deserved to
Zave ax apperatus stamped with his name, surely that
weindival was Voita.  Bringing these two charcoal
PRI nie oontwet you observe a vivid light is given
foesX 1 axd in this litht we have the evidence of the
wansisen W power.

I will new vary the experiment by removing the
cxanal poinis and attaching in their place two sheets
of the wetst paatizum.  These two sheets of platinum I

kas mocking o do with the final result. Observe the
condizion into which the water is thrown, being per-
vadad with bulbbles throughout. and presenting -an
appaaratice very much resembling that which occurred
when a mixture of water and sulphuric acid was added
to the metal zine. The sheets of platinum are not
brought inte contact. you will remark, but are at some
distance from each other: yet the effect to which
I directed your attention takes place.
In this resuit we have a proof that the water trans-
mits a certain power. the same which you just now saw
evidenced in the manifestation of heat, bLut now undex
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"o manifestation of chemical decomposition. By a
; “light variation of the experiment we can succeed in
. “aming this power to manifest itself under the aspect of
- Nmtand of decomposition at the same time. For this
Tpose 1 substitute a wire of platinum for the copper
~ vire just now used; and, observe, the platinum wire
* becomes red hot, whilst the water is driven into gas
" babbles, as it was before.

I wish now to draw your attention to the fact that
the gas bubbles in question are not evolved from every
part of the water alike, but merely from those portions
immediately in contact with each sheet of platinum ;
thus showing that the electric power is, by some means,
and under some invisible form, transmitted through the
intervening water.

Let us now proceed to
collect some of the mixed gas
which is being evolved —a
matter of no difficulty. We
have some now in a tube, and,

" applying a flame, you will
easily recognise the mixture
of oxygen and hydrogen by
the flame and the slight ex-
plosion ; but by a slight modi-
fication of apparatus it is not
difficult to collect these gases
separately, inasmuch as hydro-
gen is given off exclusively
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nitrogen especially characterises animal, in contn
distinction to vegetable, beings ; nevertheless itis fomd
in the latter, but in small quantities. The natural orders
cruciferee and fungaces are amongst vegetables esp»
cially rich in nitrogen. Inasmuch as animal being
contain so much nitrogen, and vegetables so little,
Berzelius has imagined that nitrogen is generated in
some unknown manner by the animal functions. This
idea, however, has been opposed by Liebig, who, with
the majority of chemists, believes that the nitroges
existing in plants is sufficient to account for the large
quantities of that element locked up in the tissues o
herbivorous, no less than other animals.

PreparATION.—(1) By the combustion of phos
phorus in atmospheric air; the result of which is the
formation of phosphoric acid and the liberation of
nitrogen.

DIAGRAMMATIC ILLGSTRATION OF THIS DECOMPOSITION.

Nitrogen Aidsevolved.

Atmospheric air {

Oxygen . .
Phosphorus ] } Phosphoric Acid.

(2) By transmitting chlorine through a solution
of ammonia: chlorine uniting with hydrogen to form {
hydrochloric acid, which combining with undecom-
posed ammonia, hydrochlorate of ammonia is formed,
whilst nitrogen escapes.
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GRAMMATIC ILLUSTRATION OF THIS DECOMPOSITION.

aonia { 1 Nitrogen — 14 A is evolved.
17 3 Hydrogen— 3 .
rine . . . . . ___ms}s}lydmchlonc
acid=111
sonia — 51} Hydrochlorate
ot e of ammonia
=162

) By agitating a liquid amalgam of lead and
ry with atmospheric air for two hours or more,—
esult of which is absorption of oxygen and
ion of nitrogen.

) By mixing iron filings and sulphur with water,
xposing the mixture to atmospheric air for the
of forty-eight hours. In this, as in the preceding
tmospheric oxygen isabsorbed and nitrogenset free.
) By exposing muscle (flesh) to the action of
acid in a retort to which heat is applied. The
“of this decomposition is exceedingly complex,
mnot be satisfactorily explained.

‘OPERTIES.—Nitrogen is permanently elastic and
less. It has neither taste nor smell, does not act
regetable colours, nor does it whiten lime-water.
s latter characteristic especially it is distinguished
:arbonic acid. It is neither acid, nor alkaline,
* supports combustion nor burns,—although its
al relations impart to it some claim of being
ed a combustible. Water which has been boiled
3 it to the extent of one and a half per cent. Its
N 2
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dled the laughing gas, owing to the curiously exhila-
ging effect it produces when breathed. - This gas is
anerated by the distillation of nitrate of ammonia, and
Yords another instance of a nitrogenous body being
voduced by an indirect agency.

This gas has a sweet taste, if one may be per-
ritted the application of this expression to a gas,—and
ts physiological effects probably having been made
amiliar to you, I will proceed to draw your attention to
v circumstance illustrative of the accurately-adjusted
slance of powers by which all created things are adapted,
each to the fulfilment of its own peculiar end.

Not long since I remarked, that of all the associations
of nitrogen with oxygen, none, so far as we knew, could
discharge the functions of the atmosphere. Now here
8 & gas which may be breathed with impunity for a short
time, but if the time of inspiration were to be prolonged,
death would inevitably ensue : here, then, in one great
necessity of the atmosphere, the nitrous oxide is deficient.
Let us now try it in reference to combustion. Judging
from the great amount of oxygen which it contains in
comparison with atmospheric air, one might infer that
this protoxide of nitrogen would be a better supporter
of combustion than the atmosphere : this inference is not
correct, absolutely. It is a better and it is a worse sup-
porter of combustion than atmospheric air; but it is
necessary that I explain; which explanation will best be
socomplished by means of experiment. On plunging a
taper already lighted into a jar of this gas, you will

)
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1l immediately see the portions of it which come into
mtact with the atmosphere change colour. This arises
om the formation of two new substances, hyponitrous
d nitrous acid, mixed together in varying proportions.
hese substances result from the combination of the
moxide with more oxygen; let us see, therefore, what
o-result will be of mixing some of the binoxide, not
ith atmospheric air, but with pure oxygen. In this
r, standing over the pneumatic trough, is some pure
tygen, and into it I pour some of the binoxide of nitro-
m, standing in another jar: you observe the intense
mnge vapours which result,—much more intense than
ben we mixed atmospheric air with the binoxide: and
m will also observe how rapidly the orange vapours
us produced are absorbed by the water. On account
" the orange-red vapours thus developed in bringing
noxide of nitrogen in contact with the atmospheric air,
oxygen, or, generally, any gas containing oxygen, the
ro remaining gases become mutually tests for each other:
e appearance of red vapours on the admixture of
noxide of nitrogen with any unknown gas being indi-
tive of the presence of oxygen.

The general tendency of all the series of oxygen
mpounds with nitrogen, is towards acidity; and, in
e three last compounds mentioned, namely, hyponi-
wus, nitrous, and nitric acids, the quality of acidity is
ry highly developed. The test for general acidity is
her tincture of litmus or litmus paper. If I take
lip of the latter, and hold it in the orange {umes,

. o2
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eoi. A white sediment will form, which must
alnwed to sabside : the clear solution must be decan
ani toled to dryness in a glass vessel. A whiten
wl remain, which may be fused in a platinum cruci
ani poused oat into a clean copper dish. A transpar
siwcarce 3 thus obuained. consisting of phosphoric a
wiii phuepbate and a little sulphate of lime, comm¢
soows under the name of glass of phosphorus.
viaels pooephorus when disdlled at a bright-red 1
w2 cLarveal. Brande.)

= Woaier recommends. instead of the preceding,
waeeize ivory-black « which is a mixture of phosphat
Zime and charcoal with fine quartzy sand and al
voinary ctarcoal in eylinders of fire-clay at a
27 temperatore. Each cylinder has a bent cof
e adapted to it. cae branch of which descends:
a vessel coomaining water.  The efficiency of
roness depends wpon the silica acting as an acid
comdining with the lime of the phosphate at a !
sroiperature, while the liberated phosphoric acic
Jevvmposed by the carbon.™  (Grabam.)

ProreRTIES. — Phosphorus, being one of tl
sutstances which are subject to allotropism, assu
two distinet conditions. necessary to be treated of s
rately. In its ondinary state phosphorus is a taste
coiouriess or light-butf’ evloured substance, of wax
consisteney, semi-transparent, and at ordinary ter
ratures fexible. Its specific gravity is 1-770. 1
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moluble in water, but soluble in ether and in oil. At
85°, air being excluded, it melts; and at 550° it
Kils, yielding a vapour the density of which, according
¥Dumas, is 4:355. At all temperatures above 32°,
iwephorus, when exposed to atmospheric air, is lumi-
ibus, and a temperature of about 60° F. causes it to
murst into flame. This extreme combustibility of
Phosphorus renders it necessary to keep the substance
@mder water ; from which it should be taken, for the
purpose of experiment, with great caution, friction
being carefully avoided; and whenever desirable to
t it into fragments, this operation should take place
wder water. Although phosphorus in its colourless
o buff-coloured condition is mnot crystalline, yet this
theence of crystalline form ‘is only a collateral result,
dependent on the ordinary method of preparation. If
posphorus be fused with about half its weight of
wlphur, and suffered to cool gradually, a part of the
Phosphorus separates in rhombic dodecahedral crystals.
(Mitscherlich Ann. de Chem. et Phys. vol. xxiv. p, 270.)
Aot and saturated solution of phosphorus in naphtha
also yields crystals of phosphorus on cooling.

Such are the leading properties of phosphorus in its
ordinary or crystallisable state; but lately a new
condition of phosphorus has been made known by
Professor Schrotter, of Vienna, as constituting an amor-
phous allotropic state of the element. When common
phosphorus is burned, especially in a limited supply of
atmospheric air, there results around the focus of

P
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combustion a red ring of a substance formerly
to be oxide of phosphorus. Professor Schrotter,
ever, succeeded in demonstrating that the material i
question was generated under circumstances involvi
the exclusion of atmospheric air, and every other soures:
of oxygenous supply. He proved, moreover, that pro-
longed heat, within certain limits, was the main con-
dition necessary for the development of this red
substance — oxygen being absent — and that a still
higher degree of heat re-converted the red substance
back into yellow phosphorus. Hence he deduced, both
analytically and synthetically, that the red substance in
question is merely an allotropic state of ordinary
phosphorus.

Identical, however, as is the chemical composition
of the two, their properties are widely different .Thus,
common phosphorus inflames at a temperature slightly
above 607, whereas allotropic phosphorus only inflames
at temperatures above 600, or, more properly speaking,
does not inlame even then, seeing that the temperature
in question etfects its reconversion into ordinary phos-
phorus. Ordinary phosphorus is soluble in oils, naphtha,
ether, bisulphuret of carbon, &e.; allotropic phosphorus is
soluble in neither ; hence the ordinary plan of employing
bisulphuret of carbon as a means of washing out ordi-
nary phosphorus from mixtures of the two.

Nor is the discovery of allotropic phosphorus @
mere matter of theoretical interest. Already it ha
been applied to the manufacture of lucifer matches with
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wmsiderable suocess, and a promise of ameliorating
s of the most terrible diseases incidental to any
snufacture. In addition to the continual danger of
wrning, to which the workmen engaged in the manu-
wiure of lucifer matches from ordinary phosphorus
re exposed, there is another danger still more terrible,
ecause more insidious and more difficult to be
juarded against. Exposure to the fumes of phosphorus
fives rise to the most frightful disorganisation of the
aw bones, causing excruciating suffering, and usually
#rminating in death. The slightest spot of caries
i the teeth of a workman suffices to become a focus or
sontamination for the phosphorous vapour; and even
those with no such natural disorganisation occasionally
wffer. Now, allotropic phosphorus gives off no fumes,
neither is it combustible under the usual circumstances
sitendant upon the manufacture of lucifer matches;
hence the advantages presented by this substance are
obvious.  Unfortunately, however, certain difficulties
have hitherto attended its manufacture on the large
sale, and limited the employment of this agent—so
curious in its chemical nature, so valuable in removing
the danger attendant on one of the most noxious
operations in the whole list of chemical manufactures.
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W sxamiue 0 Ze ecasion of my treating of o
T lusraee chis oeiperty in 3 familiar way, l&t
us ase U umnuge jorsen of phosphorus upon the 9
'mstone mated. and b it — immediately Yo
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wperrts s with reeat rapblity.  The combustion
wong Cermnated, vou wil observe the appearant
i v iliferene resiiues—one being a  red-eolourd
rcanes, i the other waite.  The lacter. or white
« sanes. s 13 awbi eompouzd of phosphorus wit
grpen. - 0ise This sere o resuls we should. @ prior
e X she Jrmer was lonz imagined to b
wn f siespaerss with oxyen also. but i
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ki allotropic or amorphous phosphorus, prepared
B small quantity by our tube apparatus, is now
on the large scale, and commercially applied to
wous purposes for which common phosphorus was
rly used ; and with advantages which will presently
r.
efore we can have a just appreciation of the value
otropic phosphorus, we must study the charac-
cs of this substance by comparison with phosphorus
ordinary condition. Common phosphorus is re-
ibly combustible ; tending to burst into flame on
»plication of very slight friction or low degree of
a quality which renders it well adapted to the
se of forming lucifer matches. The quality of
lour, and its physical condition as to softness,
so points of comparison. Well, here is a lump
lotropic phosphorus, and you will observe the
mece between the two. In the first place, the
*is totally different, that of the allotropic variety
dark ;—then the fracture is different, that of
spic phosphorus being harshly brittle;—but the
striking difference between the two varieties of
horus is brought out by the application of friction,
aeat. Common phosphorus we are obliged to keep
er, for the purpose of guarding against spontaneous
stion; allotropic phosphorus, however, may be kept
aged in atmospheric air; indeed, it may be wrapped
paper, and carried in the pocket even, with the
perfect impunity: and in this way Professor
Q
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wow vuu 4 ready proof. DYV pouring two portion:
“aupuiures of earben tespectively on common and
aulueropic vhosphoerus. You can observe that there
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wifest difference as to the amount of solution ; but we
d have a better proof by and by. Pouring a little
ach of these solutions on two pieces of paper respec-
dy—the sulphuret of carbon, being exceedingly
atile, evaporates; when, observe—one piece of
er takes fire, owing to the amount of dry
sphorus deposited upon it, whilst the other remains
burnt.

This allotropic change of state is one of the most
iious developments of modern chemistry; and now
it our attention is directed to the subject, numerous
nifestations of this condition are recognisable. Not
3least curious fact in connection with this matter is that
at is not an invariable, an indispensable condition to
veloping the allotropic condition. Thus, for instance,
I add a solution of bichloride of mercury to a solution
"iodide of potassium, I may get a yellow or a red
mpound,—yet the composition of both is identical.
eat effects a similar change. On this paper is painted
red cross—the red iodide of mercury being used as a
gment. If I hold the paper on which is this red cross
‘er a spirit lamp flame, the redness presently changes
yellow. But I must not linger over this interesting
bject of allotropism—my time admonishes me to bring
fore your notice the curious fact of the existence of
lphur and phosphorus in the organic world—phos-
orus in large quantities, as I have already indicated ;
t sulphur in amounts more small—nevertheless, its
:sence in animals is universal. ’

Q2
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It is this extensively distributed masked or hidden
wdition of phosphorus and sulphur in the two organic
igdoms, and the allotropic condition which each of
we bodies can assume, to which I especially wished
direct your attention; passing over the more groes
d ordinary conditions of these elements with little
mment, as being subjects which from their promi-
nce have been extensively discussed and are well
own.

I shall now conclude this lecture by manifesting
e power of combination enjoyed by sulphur under
wrtain conditions of heat and vaporisation—a power
'hich we are very apt to forget is possessed by this
lement, simply because we do not find it, in the
rdinary range of material circumstances, placed under
onditions favourable to its exercise. We are apt, for
istance, to regard the element sulphur as possessing
ombining properties very different in the amount of
heir vigour from those possessed by chlorine ; yet I do
ot know that we are just in arriving at this con-
usion, If certain metals in a very fine state of
mminution be dropped into an atmosphere of chlo-
ne the metals take fire and burn, whereas the same
etals may be brought into contact with sulphur with-
it any such effect resulting. But chlorine naturally
dsts in the state of gas—whereas sulphur does not.
ccordingly, if I expose copper turnings to the in-
tence of vaporised sulphur, which can be done by
pans of a very simple apparatus, you will observe
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Lacertina, the Menobranchus, the Axolotl, and lastly
the Protens Amgwinus.® All of these creatures are

* The Proteus Anguinus is an European animal, connected
with whose existence there is a great deal of mystery. A graphic
description of one of the two localities in which the animals are
found, has been given by P. E. Turnbull, Esq., in his volume o0
Austris.  Murray, 1840, It is as follows: —

* Qur three guides stationed themselves at various points, snd
brandishing their large torches aloft, showed well this solemn
cavern, with its huge pillars and dark dull waters—rendered the
more interesting to the fanciful mind as being the habitation of
that mysterious animal the Protens Anguinus, which, except it
one other spot (also in Carniola, near Sittich), has been found
nowhere else.

* This creature appears to be bred in some much lower sub-
terranean lake, and to be borne up into these comparativelf
upper regions when the waters swell. We are told that duringé
considerable part of the year there is no water whatever in th¢
cave of the Magdalena. In the winter and spring it rises through
crevices from below; and even then is the Proteus only occd
sionally discovered. It is found in the Poik (if the water to the
right of the entrance be the Poik) in this cavern, but never in
that of St. Catherine, nor in any other part of the river: neithef
is any other fish or living creature said to be found in the Poik
after its first entrance below the earth. It is found also in the
water which I have mentioned to the left of the entrance, sup-
plied probably to them both from the same resorvoir or river
beneath. To this water on the left we partially descended, but
the drippings had rendered the soil muddy and unsafe. One of
the guides, however, stationed at the bottom with his torch and
hand-net, endeavoured to catch two or three of the Protei; but
on his attempting to take them, they escaped under the rock.

“On our return to the inn at Adelsberg, I saw some of thest
creatures alive in a decanter of water, where, by changing th

water every day, and without any other food, they had lived (a
their owner told us) more than a twelvemonth. They were abou
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apphied wir: bort. e and giis. boti s eqgualiy
eveloped that naturalists vary i their opinions as ti-

ever inciies 1Jng. Anc Perhaps Dull &L Inci. 0T sumewha: less. 1.
Bameter: i forn. o7 poay somewha: like ar el bu: witl. fear
ege recuinTiy juintec ik quadrupeds'—the twe fore-fee: having
Bree toe=. i€ TWe hinuer two oniy : the legs aboui ar. inel. long.
w2 e hinder ones &I & grear distance rom the tore: colour. a
prevish white: hiead very large. with & large broad moath: twe
very smal! eves. anc imhinc the ears the gills o:
afish. They have a double appararus for breatl:-
ing, and furm & mixrare or link of conmection
betweer the fisl anc the quadruped.
“Doomed. apparently. t¢ live in eternal dark-
Dess in the abyss of an Illvriat: mounuain for their
wpheaving into the caves mus: be considered as an
€xception . it might seem strange that the creature
thould be provided with eves. Some imaginative
¥riters have deemed tha: they had formerly a
higher localitr, and that amid the various conval-
tions of the globe, some retirement of the waters
may have carried the relic of a nearly-destroyed
Taceto its present asylum. It may be more philo-
%ophical to suppose that the small portion of light
8ccompanying air through the crevices of the
Mountains, although imperceptible to our organs,
may suffice to direct the course of these more
delicate creatures. It is evident from the length
of time that they had lived in the bottle, that the
light and air of this upper world are not deatructive
of their vitality. Those which we saw wore moving
about with activity over each other, and climbing
with a sort of reptile motion along the sides of the
glass,
“Whether their propagation has heen at-
:empted in other places, I know not, Home were
ransported to the St. Catherine Cave, and placed
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The wovision :s very heautiful, and is as follows :—The
ones of inis we hoilow. and being hollow, are alwap
illed -with ur: moreover. air cavities exist in variow
narte f “he ‘wxly. the raseous element penetrating even
e che museuiar sheaths,  Hence the lungs, not
‘eln “wquired a8 vesseis of capacity, but merely &
nstruments of ciemical action, are smaller than they
wonul uve otherwise heen required to exist.  But there
~til wmauns o e ieviserd a provision for tilling the lungs
vitn ur. stherwise than by expansion. The muscular
xerense of che animai v made subservient to this
i, When 1t mest, and when respiration is bat litte
~quirwi, the Hiri, by means of a slighe musealr
mouon, auses sutfivienc air for its present necessities
-u .nter che tnv lungs: but when the same bind is
sxposed To the vivient exercise of fving, and when
ousequentiv. -he ‘unetivn of respiration is required 0
wssume ‘t> ligiest reade of intensicy. then the incressed
nuseniar acton of the hird is made subzervient W
e awi.  Every cdapping of the wings against the
sibs chews 1 oset of museles into aetivity, which
Wotheir mumaction, foree a largely inereased suppls
of dr ineo the lungs: and thus the pertormance of ¢
dmetion i3 aceompiished as 2 necessary  result 0
wtendint cireumstances,

Lungs of almost the same external character. thoug
Aiferent in cheir internal conformation. are supplied t
~epiiles, aithough not for the same reason. In th
serpent and lizaml tribe the large, heavy, expansiv
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angs of mammakia woald be svidemcly nrmgaciive v i
be conditions of their Dmle, siemder. dimrce? fiems -
wt frogs have the same kmd of ;s zpd nay te
requently seen to inflaze them wXki ad+ T & verT Sngee.
yet at the same time very efortuul yewosss. A Sror may
oocasionally be seen moving mwards and omrwerds the
sides of his face and the sk of il capadons dral
The animal is performing an art of respingion: DK as
‘we perform it, by expanding cur ehests : bur 12 motion
of the face and throat is precisdy amlazsne 10 the
motion of the leather of a pair of bellows—a mton by
vwhich the animal forces air into the lungs.

The chemical portion of the respiratory function
chiefly involves the removal of carbon from the lungs.
According to the experiments of Allen ani Pepys, who
Were the earliest to investigate the chemistry of their
function, the removal of carbon in the form of carbonic
&id was the sole ohject; and according to them the
carbonic acid corresponded exactly in proportional
Quantity with the amount of oxygen taken in. Later
investigations, however, have proved that the explana-
tion is not quite so simple; have proved that a portion
of oxygen is absorbed, that nitrogen is sometimes
absorbed, at other times given out. Still the most pro-
minent consequence of the respiratory function in
animals is evidently the removal of carbon from the
blood, in the form of carbonic acid.

And now a very beautiful provision of Nature ia

rendered manifest to us. Carbonic acid being con=
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LECTURE VI. 269

The first point in connection with the natural
story of carbon, is the circumstance of its invariable
lidity. This quality I shall have to allude to again in
mnection with some of the most usual functions of
xbon : it is one which lies at the foundation of almost
-ery useful application of the substance.

Notwithstanding this fixity of carbon, it is strange
» recognise certain chemical effects capable of being
roduced by this element: thus, for instance, it has
e power of absorbing larger bulks of various gases
-of removing putrid smells and certain colouring
latters.

Yet, (continued Mr. Faraday,) the chemical agency of
atbon in an isolated state is but insignificant when
ompared with the wonderful energies called into play
bits various combinations. To me, viewing as I do
be qualities of each element in relation to its most
bvious functions in the economy of the universe—
dculating on what must have happened had these
ualities been different to what they are—pondering
ver the all-wonderful foresight by which the harmo-
ious balance of elemental powers was predetermined
d is maintained—this fixity of carbon, in comparison
ith the volatility of its compounds, is a subject of
wer-failing interest and admiration. This is a subject
hich will prominently appear as I go on, and more
pecially after I shall have taken up the oxy-com-
unds of carbon. Of these oxy-compounds there are
'0—the carbonic oxide and the carbonic acid gas.
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LECTURE VI. 271

Dumas, they have been propounded on such evidence
as I am willing to accept as perfectly conclusive. Now,
this extremely poisonous nature of carbonic oxide is a
€act of great significance when we regard it in connec-
tion’ with certain proposed plans of illumination which
contemplate the employment of this gas. In itself car-
bonic oxide has but little illuminating power, as you have
seen; but illuminating power can be given by causing it
toabsorb certain particles extraneous to itself, and in the
end it may be made a good illuminating source. Should
this plan of illumination be carried out, it will be neces-
sary, after the experiments of M. Dumas, to watch atten-
tively the first results; for, although the speculative
chemist should be most careful not to impede, by undue
expression of vague fears, the progress of any dis-
covery, yet, on the other hand, facts so significant as
those indicated by M. Dumas should not be passed by
unheeded. Accordingly, I have been made aware that
in France, where matters of public health are much
more studied than in England—much more taken cog-
nisance of by the Grovernment—competent persons are
anxiously watching the first effects of the new illumina-
tive gas, considered under a sanitary point of view, and
are authorised to forbid the process on the first manifes-
tation of a result unfavourable to health.

Passing away from carbonic oxide with this short
notice, we now arrive at the consideration of carbonic
acid. This body, like the preceding, occurs naturally
in the form of a gas, although it has been condensed
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LECTURE VI 273

acid reaction on litmus paper, and its quality of preci-
pitating lime-water white.]

It will be unnecessary for me to repeat the experi-
ment, already performed on a previous occasion, of
buming charcoal in oxygen gas; that experiment will
have been remembered, and indeed it is sufficiently
common. Less common, though now well known, is
the experiment of burning the diamond in oxygen gas,
and demonstrating that the result of combustion is
ewtbonic acid.  When the experiment was first performed,
the result was considered extraordinary. Of course,
We do not regard it as extraordinary now; but the

extreme interest of the reaction shall be my apology for
Tepeating the experiment.

[The combustion of the diamond was here effected,
the gem being held by a little platinum clamp and
ignited to whiteness in the oxyhydrogen flame, then
Plinged whilst incandescent into a jar of oxygen.
Eventually the resulting gas was proved, by means of
the lime-water test, to be the carbonic acid. ]

Thus the evidence as to the identity of carbon with
the diamond is sufficiently made out by this one
experiment ; nevertheless, if further evidence were

required, it could be supplied by the beautiful result
which I have in this glass case. Here are some diamonds
which have been exposed under peculiar conditions to an
ntense heat ; and with the result of converting them into
soke. The gems will be seen to have lost their crystalline

spect—to have opened out, forming a cauliflower-
8
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firoplaces is. on its first ;xmounosment, starding ; yet
nothing admite of more satisfactory proof. Through
an averarewizad iron hisst-furnace there rushes hourly
no laws & quantity of stmospheric air than six tons
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Now, carhanic acid is not a supporter of combustion
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&8 we have on many occasions seen; hence, if it had

Mingered in the furnace instead of being so readily
dispersed, the fire could not have been maintained.
This condition, as it would have been had the result of
combustion been fixed, may be conveniently illustrated
by a simple experiment. Taking a mass of potassium
or any combustible substance, as we have seen before, I
heat it on a piece of platinum-foil; yet the potassium
does not take fire. Still more I urge the heat; the
Potassium fuses, rolls about on the platinum-foil, and
becomes rapidly covered with a white crust; but it does
not burn. But why does it not burn? Not certainly
because of any inherent incombustibility, since, if I
throw it into water, so great is its power of combustion,
that it immediately bursts into flame.

Another point of deep interest in the chemistry of
carbon is its strong power of illumination when incan-
descent. You have already remarked how trifling was
the amount of light evolved from phosphorus burning in
chlorine gas, or sulphur in the same gas, or sulphur in
oxygen; how seemingly powerless it was, although really
coexistent with highly developed chemical power. You
have remarked, too, the extreme vividness of the light
produced by the combustion of phosphorus in oxygen.
The light developed during combustion is so far from
being in any direct ratio with the accompanying heat,
that the very reverse of this association may, and fre-
quently does obtain. Thus, one of the most powerful
known sources of heat is produced by burning a jet

82
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small quantities proves fatal at onos, and which 1
with hydrogen constitutes that terrible—most
perhaps—of all poisons, hydrocyanic, or prus
Cyanogen cannot be prepared, at least not rea
unequivocally, by the direct combination of
elements, but is usually developed from its com
either with mercury or with silver. Its odow
of peach-blossoms, and when burned it ewv
peculiar rose-coloured flame, which is very di
of this gas. Cyanogen, although a compound
buret of nitrogen), nevertheless unites with «
just as though it were a simple body, and this i
its peculiarities. Thus with hydrogen it form:
cyanic acid, with oxygen cyanic acid, and rep
combining tendency throughout the whole rang
compounds.

How beautiful a subject of contemplation
nished us in the calm and tranquil exercise of
laws; which a study of natural phenomena di
The world with its ponderable constituents, de¢
living, is made up of natural elements, e
with nicely-balanced affections, attractions, or
Elements the most diverse—of tendencies tt
opposed—of powers the most varied—some s
that, to a casual observer, they would seem t
for nothing in the grand resultant of forces: s
the other hand, endowed with qualities so viole
they would seem to threaten the stability of o
yet, when scrutinised more narrowly, and ex
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With relation to the parts they are destined to fulfl, all

Are found to be accordant with one great scheme of

harmonious adaptation. The powers of not one element

Could be modified without destroying at once the
balance of harmonies, and involving in one ruin the
€conomy of the world !

Look at the shells of these sea mollusca: nearly one-
half of their total weight is carbonic acid. Gradually
it has been collected from the surrounding medium—
bas pervaded the systems of these delicate creatures—
has circulated in their fluids—has combined with lime,
and finally been deposited by their mantles in the form
of a shell. Had carbonic acid been corrosive, this
could not have been. Carbonic acid would have, in
that case, become totally unadapted to the performance
of its destined end.

And now, in bringing to its conclusion this imper-
fect course, I have to thank my hearers for the patience
with which they have listened to me,—I have to thank
his Royal Highness for the condescension shown in his
visit this day. During these lectures the passing
thought has often occurred that I must be bringing
matters before the notice of my audience that must have
been foregone knowledge, to most, if not to all. I did
not set out with the intention of making these lectures
& medium of systematic exposition; still less did I
intend them to embrace within their scope the minute
chemical relations of the non-metallic elements. I
desired only to regard these elements under their more












